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Few efficiency studies, to date, have been conducted for Central Asian countries. This
article fills the gap in the literature by conducting a frontier efficiency analysis using
survey data obtained from the cotton producing farms in North-western Uzbekistan.
The results of the restricted stochastic frontier model, which follows a three-stage
procedure, demonstrate the presence of technical inefficiency in cotton production.
The findings illustrate that the results from the traditional frontier models, which use
black box tools, lead to biased outcomes. The model displays that farmers' educational
background, farm size, water availability, the application of manure, access to formal
credit, Water User Association's services, farmers' participation in off-farm work and
poor drainage systems, significantly contribute to input use efficiency. A quantile
regression also shows that knowledge indicators play a significant role in improving
farmers’ efficiency in cotton production. The impact of agricultural experience on
technical efficiency is positive, but not significant, in the middle and higher efficiency
percentiles. Interestingly, having a basic education is not sufficient in achieving higher
efficiency, based on the results obtained. The findings suggest that the provision of
agricultural training and the development of agricultural extension services will help
farmers acquire new technologies and enhance their decision-making capabilities in farm
production which subsequently improve resource use efficiency in cotton production.
Keywords: Stochastic frontier analysis; Cotton production; Explanatory factors; Three
stage procedureBackground
Many developing countries rely on agriculture to support their poor populations.
Consequently, the development of policies that target increasing agricultural productivity
is the governments’ typical domestic reaction to the challenge of reducing poverty and in-
creasing food security in rural areas. While the adoption and dissemination of innovative
farming practices eventually contribute to improvements in productivity and income
(Awotide et al. 2013), effective resource use and a well-organized farm management are
expected to boost their sustainability (Karimov 2012). In this respect, education is an es-
sential factor that plays a key role, both in increasing the efficiency of resource utilization
and in bettering the organization of farm.2014 Karimov; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons Attribution
icense (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium,
rovided the original work is properly cited.
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production utilized in crop production. A recent macro study by Reimers and Klasen
(2013) finds that education positively impacts agricultural productivity worldwide. At
the micro level, many studies, including Mathijs and Vranken (2001), Alene and Hassan
et al. (2003), and Assadullah and Rahman (2009), find a positive relationship between
farmer education and efficiency. Other studies such as Llewellyn and Williams (1996)
and Chirwa (2007), however, do not observe any significant connections. Hence, the
prevailing literature is rather indecisive, which suggests a need for further research.
This study investigates the issue by analyzing survey data from Uzbekistan, which is a
cotton producing transition country. In general, the support of agriculture in transition
economies has entered a new phase, with large-scale structural adjustment programs
that focus on agricultural transformations. Specific reforms included land tenure pol-
icies and farm restructuring, which have been extensively reviewed in the literature
(Liefert and Liefert 2012). In this period, access to improved agricultural knowledge has
become a priority because rural inhabitants who are not knowledgeable enough in farm
production started obtaining agricultural land. New market mechanisms also required
the acquiring of new sets of skills to run farms efficiently. In these regards, donor fi-
nanced agricultural development programs stressed farmer supported educational pro-
grams and the establishment of extension services. To some extent, domestic rural
policies also included launching agricultural training programs and improving the role
of agricultural advisory service organizations. In other words, educating farmers to be
efficient and productive under changing environment has become the primary concern
for all.
Few efficiency analyses in the case of Central Asian (CA) countries (Uzbekistan,
Kazakhstan, Tajikistan, Turkmenistan and Kyrgyzstan) have been conducted. One such
work is by Tashrifov (2005), who estimated the technical efficiency (TE) of cotton pro-
ducing regions in Tajikistan. While this study found production inefficiencies among
the cotton regions of the country, it exercised regional aggregate data that might not
carry valuable evidence for efficiency differentials at the farm level.
This work aims to fill the gap in the literature and contribute to the ongoing policy
discussion with regards to improving resource use efficiency. The specific objectives of
the article are threefold: a) to evaluate the TE of cotton producers using the theoretic-
ally consistent stochastic frontier model (SFM); b) to investigate the significance of
some of the farm related factors that are believed to influence the households’ input
use in cotton production, and c) to re-examine impact of knowledge indicators on re-
source use efficiency.Cotton production in Uzbekistan
Cotton continues to be the number one agricultural crop in Uzbekistan; it is considered
a strategic commodity because of its standing as a source of rural employment and for-
eign exchange (Rudenko 2008). The country produces approximately 3.5 million metric
tons of raw cotton and roughly 1.0–1.2 million metric tons of cotton fibre per annum.
While these figures are relatively low, when compared with the ones achieved during
the Soviet period, Uzbekistan is still considered a major world cotton producer and ex-
porter (USDA 2012).
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cotton has a national significance and priority. Achieving higher yields is a major con-
cern for those involved in the entire cotton value chain. The primary burden of the
crop, however, is still on the shoulders of farmers, who must meet annual production
targets (state quotas). According to the contract between a farmer and the state, a
farmer is committed to market 100% of the harvest obtained from the leased land to
the state cotton ginneries (Aminova and Abdullayev 2009) at predetermined prices. In
return, the state’s semi-controlled organizations supply subsidized inputs through an
extensive credit program. Since the price of the cotton is fixed (there is small price
change depending on the quality), farmer can achieve higher margins only by increas-
ing yields and efficiently using input resources. However, yield numbers at the country
level illustrate that cotton production has decreased since independence (Guadagni
et al. 2005; USDA 2012). This decline is believed, in part, due to the inefficient use of
resources. Because the official statistics do not include resource use data, it is difficult
to acquire accurate information about the intensity of resource utilization in cotton
production. However, some reports discuss the over- or under-utilization of inputs. For
example, according to ScanAgri Sweden AB for the ADB (2008), raw cotton produced
per kilogram of fertilizer decreased from 11 kg to 8.8 kg between 1995 and 2005 (ADB
2008). Moreover, raw cotton in terms of per kilogram of fuel dropped by 1.2 kg over
the same period. While these numbers are low when compared to other countries with
analogous climate conditions, the cost of producing cotton is high. In this regard, the
strengthening of the efficiency of cotton production is one of the key objectives of the
government of Uzbekistan.
The study enlightens this issue in the context of frontier efficiency analysis by look-
ing at some of the factors that are assumed to influence cotton production. It parti-
cularly stresses the role of knowledge indicators in efficiency improvements and
empirically examines their significance. Overall, the study provides some interesting
findings for the international audience by discussing the case of a transition country
located in the CA.Methods
Study area
The study was carried out in the Khorezm province of Uzbekistan. Khorezm belongs
to the northern agro-ecological zone, according to the FAO (2003). It is situated in
North-western Uzbekistan, in the southern part of Karakalpakistan, next to
Turkmenistan. The province constitutes 6.1 thousand sq. km., or 1.3%, of the coun-
try’s territory. The province includes 10 districts and Urgench city, an administrative
centre in the province.
The population of Khorezm is approximately 1.6 million people, with 78% living in
the countryside. The agrarian sector of Khorezm accounts for 51% of the Gross
Regional Product. The primary agricultural crop is cotton, followed by wheat and
rice. The main water source for irrigation is the Amu Darya River, one of the two re-
gional rivers that deliver water to the Aral Sea basin. Soils belonging to this zone are
hard and loamy. The mean penetration of water is very low and the groundwater is
very salty.
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The present study employed a stochastic frontier approach originally proposed by
Aigner et al. (1977):
yk ¼ f xk;i; βi
 
exp vk−ukð Þ ð1Þ
where: yk is the production quantity of the k
th sample farm, f (.) characterizes a chosen
functional form, and xk,i and βi are vector of inputs and their associated parameters, re-
spectively. The model is stochastic, because the traditional error term equals vk–uk. vk is a
random error and is independently and identically distributed N 0; σ2v
  
. It includes all
errors that occur due to the model misspecification and other factors (e.g. random shocks)
that are beyond the farmers’ control. uk is the asymmetric and non-negative error term
which captures failures in resource utilization. This inefficiency indicator is independent,
not only from vk, but also from yk and xk,i used in the SFM. This assumption is necessary
to avoid an endogeneity problem.
Given the input vector xk, the k
th farm’s TE (i.e. more efficient use of inputs) is equal
to the ratio of the kth farm’s observed production, in relation to the production defined
by the frontier:
TEk ¼ F x; βð Þe
vk−ukð Þ
F x; βð Þe −ukð Þ ¼ exp −ukð Þ ð2Þ
The TE score is between zero and one. A farm is fully efficient when it equals oneand fully inefficient if its value is zero.
The study aims to establish a theoretically consistent SFM, which requires meeting
the essential microeconomic assumptions, including the monotonicity and curvature
properties (Lau 1978). As Sauer (2006) and Henningsen and Henning (2009) stated, it
is not possible to integrate these properties in the black box frontier tools introduced
in the literature. Therefore, many studies have not taken these assumptions into ac-
count in terms of econometric modelling. Henningsen and Henning (2009) underlined
that it is sufficient for the model to satisfy the monotonicity property, because in fron-
tier models, farmers maximize their output, not their profits. Henningsen and Henning
proposed a three-stage approach and showed how the monotonicity restriction can be
applied in the frontier context.
The first stage involves the simultaneous estimation of Eqs. (3) and (4), as proposed
by Battese and Coelli (1995). This study uses a translog functional form, which has in-
dependent variables that are at least equal to 1/2(n + 2)(n + 1) and fulfil the second-
order flexibility condition (Diewert 1974):
ln yk ¼ β0 þ
Xn
i¼1







βi;j ln xk;i ln xk;j þ vk−uk ð3Þ
as well as the theorem by Young that entails the symmetry of all Hessians (βij = βji).
uk ¼ δ0 þ
X
m
δmZk;m þ φk ð4Þ
where: uk denotes the mean technical inefficiency obtained from Eq. (3). Zk,m describes
the explanatory attributes and φk is the non-negative random error represented by the
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the inefficiency parameters to be estimated.
The monotonicity restriction is imposed in the second stage. This stage consists of
solving a quadratic optimization model by imposing monotonicity on parameters via
the asymptotically equivalent minimum distance estimator, together with the parame-
ters of the production frontier, β
∧
, and their covariance matrix, Ω
∧
β , which are extracted























∧ Here, β describes the model’s restricted parameters, while f i x; β ≥ 0∀i; x is the
monotonicity restriction imposed on the model. The third stage integrates these
parameters to Eq. (6) and simultaneously estimates it with Eq. (7):
ln yk ¼ ω0 þ ω1 lnY þ v0k−u0k ð6Þ
uk ¼ δ00 þ
X
m
δ0mZkm þ γ0k ð7Þ
^0

 Here, Y equals f x; β , which is acquired from Eq. (5); ω0 and ω1 are the adjustment
parameters. One drawback of this approach is that it does not involve the determination
of the standard errors for the restricted parameters (Tiedemann and Latacz-Lohmann
2012). On the other hand, it is rather straightforward in comparison to the Bayesian ap-
proaches, which involve complex algorithms that have some convergence problems.
Modelling the farmer education and efficiency relationship
One of the objectives of the study is to closely examine how the knowledge indicators
would affect the TE of farmers. While these indicators could be included in the three-
stage model, the analysis does not offer the flexibility for modelling data with heteroge-
neous conditional distributions. Moreover, some of the knowledge indicators are highly
correlated with other explanatory factors that lead to biased results.
To conduct the analysis, the research proposes employing a quantile regression
(Koenker and Basset 1978, 1982) to estimate the impact of the knowledge effects at the
lower quantile (25th percentile), the medium quantile (50th percentile) and the upper
quantile (75th percentile). A quantile regression models the relationship between the ef-
ficiency and knowledge indicators using a conditional quantile, evaluating the specific
impact of these indicators on different groups of farms clustered on their level of effi-
ciency. A running hypothesis is that the impact of knowledge indicators on the cotton
farm TE will vary, depending on how far each farm is from the production frontier.
This model can mathematically be expressed as follows (Buchinsky 1994, 1998):
TEk ¼ ςkβθ þ μθk ð8Þ
Qθ TEk ςj Þ ¼ ςkβθ and Qθ μk ςj Þ ¼ 0
 ð9Þ
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tional quantile of TE given ς, and TE is the N*1 vector, which is obtained from the
three stage model.









where: TEθk is the TE of farm k at quantile θ (k = 1, n); ςkl is the covariate l for farmer k
and βθl is the impact of covariate l on TE at quantile θ.
The study considered two types of knowledge indicators, as discussed in Manevska–
Tasevska (2013): formal (e.g. years of schooling, educational background) and non-
formal (e.g. participation in seminars) knowledge. It also includes an agricultural ex-
perience of farmer. In addition, the formal education variable was interacted with farm
size and off-farm work variables to better depict the managerial and coordination cap-
acity of the farming household.
Data collection and sampling procedure
The study used primary data obtained from a well-structured farm survey that was con-
ducted between August and December of 2008. The survey used a quantitative and
qualitative questionnaire to interview randomly selected cotton farmers, asking them to
recall input–output data related to the cotton-growing season of 2007–2008. The study
pre-tested the questionnaire by interviewing 20 randomly selected farmers in the
Khonka district of the Khorezm province. This practice presented a clearer picture of
the prospective problems that might arise during the interview for both the enumera-
tors and the respondents. Enumerators with good knowledge of the study areas and the
agricultural activities administered the farm survey. Individuals with effective commu-
nication skills were chosen and trained for a week to clarify the structure of the ques-
tionnaire and on what they should focus on during the interview. The study selected
survey respondents using the multistage sampling technique. The first step comprised
a purposeful selection of districts to capture an adequate representation of the prov-
ince. For the analysis, eight out of ten districts were selected. The second step involved
randomly selecting two to three villages (depending on the number of farmers) within
the chosen districts. The study conducted the survey in 23 villages. In the third step,
cotton farmers were randomly selected from each chosen village. The final analysis,
after adjusting for missing cases and outliers, covered 298 cotton farms (for detailed ex-
planations see Karimov 2012).
Results and discussion
Description of the variables
Table 1 presents the descriptive statistics of cotton yields, inputs, and the explanatory
variables used in the analysis. Output is the harvested amount of cotton and is mea-
sured in tons. The study used a preliminary production model with five conventional
inputs: cotton land area (×1), labour (×2), nitrogen fertilizer (×3), diesel fuel (×4), and
seeds (×5). The seed input variable was dropped from the final model, because of simi-
lar seeding rates (Hossain 1990; Alene and Hassan 2003). The land input variable also
caused a problem with the model, as it was highly correlated with the other variables.
Table 1 Descriptive statistics
Units Khorezm (n = 298 observations)
Mean SD Min Min
Output variable
Yield tons ha−1 2.72 0.43 1.9 3.6
Production variables
Diesel kg ha−1 204.65 50.47 100 300
Labour Person-days ha−1 66.95 28.89 30 153
Nitrogen kg ha−1 197.2 38.92 100 277
Seeds kg ha−1 64.55 5.85 55 87
Land kg ha−1 15.22 12.84 1 81.5
Farm characteristics
Farm size (Fsize) ha 19.48 13.69 4.4 92.1
Bonitet score (Bscore) Index (1–100) 55.71 11.10 30 85
Obsolete Drainage (Drain) Dummy 0.51 0.50 0 1
Crop diversification indexa (Div) Index (0≤ ) 0.28 0.33 0 1.54
Socio-demographic and institutional characteristics
Participation in off-farm work (Offwork) Dummy 0.44 0.50 0 1
Dependency ratiob (Dratio) Ratio 1.00 1.12 0.1 8
Access to Credit (Acredit) Dummy 0.42 0.49 0 1
Satisfaction with WUA services (Wua) Dummy 0.39 0.49 0 1
Knowledge indicators
Agricultural experience (agexp) Years 14.54 7.81 3 38
Graduated from university (educ1) Dummy 0.30 0.46 0 1
Graduated from college (educ2) Dummy 0.46 0.50 0 1
Finished only high school (educ3) Dummy 0.24 0.43 0 1
Educational background (Edb) Dummy 0.49 0.50 0 1
Seminar participation (Seminar) Frequency 4.55 1.30 2 9
Agronomic practices
Water availability (Wavail) Dummy 0.45 0.50 0 1
Weeding frequency (Weedfreq) Frequency 5.73 1.55 2 10
Manure application (Manur) Dummy 0.47 0.50 0 1
Note 1: aThe study used the Shannon diversity index to capture farmer’s crop diversification:
Shannon diversity index ¼
XJ
i¼1
Pi  lnPið Þ 11ð Þ.
J stands for the number of crops. The term Pi is the proportion of the area used for a particular crop. ln is the natural
logarithm. It is zero if farmer grows only one crop.
Note 2: bRatio of family dependents aged below 15 and above 60 compared to the number of family adults who are of
working age.
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variable, resulting in dropping it from the regression model. The labour input variable
is in person-days. One working day is equal to eight hours. The final model includes
only pre-harvest labour (family and hired labour) because of the inconsistency in the
collected primary data related to the harvest and post-harvest period. Ekayanake (1987)
also argued that labour activities in these periods influence the yield on a small scale
and do not affect the production frontier. The study calculated nitrogen fertilizer (kg)
from the acquired fertilizer application data, considering the share of nitrogen in the
content of each fertilizer. The survey revealed that the farmers used nine types of
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ery services and is measured in kg. The explanatory variables are divided into four
groups: farm (household) aspects, socio-demographic and institutional characteristics,
knowledge indicators and agronomic practices. Several interesting points can be ob-
served from the descriptive analysis. Farms in the sample have a mean bonitet score of
55, which indicates that the average quality of the lands used by the farmers is relatively
low. Here, the bonitet is a soil potential productivity value measured on a scale of 1 to
100. The calculation of bonitet levels were developed during the Soviet period for the
calculation of state quota levels (Noble et al. 2005). The larger the index value, the
more fertile is the land, and hence, a higher the quota. The average farm size is 19.5 ha
and, on average, farmers have 15 years of agricultural experience. Only about half of
the farmers reported that they have received a sufficient amount of water and applied
the recommended amount of manure to their cotton fields. On average, 39% of them
are satisfied with WUA (Retitled to the Water Consumers Association [WCA] in 2009)
services. It should be noted that the Ministry of Agriculture and Water Resources
(MAWR) is the primary body that manages irrigated agriculture in the country. One of
its key actors is the WUA, an intermediary between the MAWR and the farmers. In
2008, there were about 112 WUAs in the Khorezm province. Although their main re-
sponsibility is to manage the delivery of water for all agricultural products, cotton and
grain fields are a priority. Farmers formally cooperate on water management matters
under the supervision of the WUA (Van Assche and Hornidge 2012). Interestingly, 51%
of the farmers reported that they have poor drainage systems, which also stresses po-
tential water loss during the vegetation period (Bekchanov et al. 2012). On average,
42% of farmers expressed easier access to credit and 44% participated in off–farm activ-
ities. Since a basic high school level education is compulsory in Uzbekistan, all surveyed
farmers had finished their basic education. Upon the completion of high school, people
have a choice to go to a university or a college. Universities produce high-level special-
ists, while colleges produce middle-level professionals. Farmers in the sample illustrated
that 30% of them had graduated from universities and 46% of them had graduated from
colleges (vocational education). 24% of farmers in the sample did not continue their
studies after obtaining basic education. Interestingly, half of the sampled farmers who
studied in universities and colleges majored in agriculturally related subjects (e.g.
agronomy, biology, irrigation engineering).Production frontier analysis
The study used the R package ‘frontier’ (Coelli and Henningsen 2009) to estimate the
traditional (unrestricted) and restricted SFM. The package ‘quadprog’ (Turlach and
Weingessel 2011) was used to calculate the minimum distance estimation. The results
of each model at each stage appear in Table 2. As seen from the first stage analysis, the
input variables, including nitrogen fertilizer, labour and diesel fuel, demonstrate a sig-
nificant and an expected positive relationship with cotton yield. Some of the interaction
terms are significant, showing a sign of non-linearity in the structure of production. A
theoretical consistency is met by imposing monotonicity. Due to this restriction, a small
change is observed in the model coefficients (the column labelled ‘difference’ [Diff.]) es-
timated in the first and second stages. The change is less than one times the standard
Table 2 Comparison of coefficients obtained from three stages
1st Step 2nd Step 3rd Step
MLE Coeff. SE MDE Coeff. Diff. Diff/SE Adj. Coeff.
Constant β0 2.443 0.306 *** 2.257 −0.186 −0.609 2.246
Ln (Diesel) β1 0.565 0.216 *** 0.527 −0.038 −0.127 0.522
Ln (Labour) β2 0.281 0.109 ** 0.192 −0.089 −0.295 0.190
Ln (Nitrogen) β3 0.834 0.290 *** 0.606 −0.228 −0.753 0.600
Ln(Diesel)*Ln(Diesel) β11 0.157 0.104 NS 0.138 −0.018 −0.060 0.137
Ln(Diesel)*Ln(Labour) β12 0.056 0.034 * 0.035 −0.021 −0.070 0.034
Ln(Diesel)*Ln(Nitrogen) β13 0.125 0.066 * 0.107 −0.017 −0.057 0.106
Ln(Labour)*Ln(Labour) β22 −0.089 0.048 * −0.055 0.034 0.111 −0.054
Ln(Labour)*Ln(Nitrogen) β23 0.038 0.046 NS 0.020 −0.018 −0.059 0.020
Ln(Nitrogen)*Ln(Nitrogen) β33 0.300 0.171 * 0.173 −0.126 −0.417 0.172
Note:***, **, *indicates significance at the 1, 5 and 10% levels, respectively.
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timates (‘adjusted coefficients’ [Adj. Coeff.]) demonstrate the restricted coefficients after
modifying the production frontier with the ω0 and ω1 coefficients. The production elas-
ticity relating to labour is equal to 0.07, which is much lower than the elasticities relat-
ing to nitrogen and diesel. The nitrogen and diesel production elasticities have similar
values ranging between 0.15 and 0.18.
The study tests three hypotheses with regard to the specification of the model using
a likelihood ratio test. The first hypothesis is the choice of the Cobb–Douglas (C-D)
versus the translog functional form. The study rejects the C-D as the preferred func-
tional form (the null hypothesis), which suggests that the translog functional form is
the appropriate one. The second hypothesis is a technical inefficiency test, with the null
hypothesis being no inefficiency effect. The study rejects this hypothesis as well, which
implies that the joint effect of the explanatory factors significantly contribute to TE.
The third hypothesis is the restricted versus unrestricted model. The study fails to re-
ject that the restricted frontier model is the preferred model (A likelihood ratio test
and Wald test returned p-values of 0.68 and 0.78, respectively). This implies that mono-
tonicity is an important property, which needs to be taken into account in frontier
modelling.
As can be seen in Table 3, the variance parameter (SigmaSq) is positive and statisti-
cally significant at the 1% level. This illustrates the goodness of the composite error’s
distributional assumptions. Gamma (γ) is equal to 0.98 and significant at 1%, which in-
dicates that the technical inefficiency effect describes a considerable fraction of the total
variation in the data. The final restricted model entirely satisfies the monotonicity con-
dition for all observations and variables and is quasiconcave at 93.3% of the observa-
tions. The imposition of the monotonicity improved the significance of some of the
variables in the final model (Table 3). The off-farm work variable (offwork) became signifi-
cant at 10% and for the three other variables’ (Acredit, Wua and Drainage) the signifi-
cance level increased from 5% to 1%. The intercept is not significant and the scaling
coefficient is virtually one, which indicates the robustness of the model. Hence, the impos-
ition of the monotonicity constraint slightly affected the distribution of the TE (Figure 1)
by moving the average TE from 0.84 to 0.86. As the results from the TE distribution from
Table 3 Results from unrestricted and restricted models
Initial estimates Final estimates
Coefficient SE Coefficient SE
Final Stage
Intercept 0.011 0.067
LcFitted 0.99 *** 0.057
Inefficiency Effects Model
Constant 0.486 *** 0.306 0.488 *** 0.043
Bscore −0.001 NS 0.216 −0.001 NS 0.001
Fsize −0.002 *** 0.109 −0.002 *** 0.001
Wavail −0.072 *** 0.29 −0.072 *** 0.013
Weedfreq −0.024 *** 0.104 −0.024 *** 0.005
Div −0.011 NS 0.034 −0.013 NS 0.022
Offwork 0.024 NS 0.066 0.023 * 0.013
Edb −0.061 *** 0.048 −0.062 *** 0.019
Manur −0.043 ** 0.046 −0.044 ** 0.019
Dratio 0.003 NS 0.171 0.003 NS 0.008
Acredit −0.058 ** 0.053 −0.06 *** 0.014
Wua −0.067 ** 0.001 −0.069 *** 0.015
Drain 0.043 ** 0.001 0.045 *** 0.013
Efficiency Diagnostics
SigmaSq 0.008 *** 0.02 0.008 *** 0.001
Gamma 0.989 *** 0.005 0.982 *** 0.014
Note:***, **, *indicates significance at the 1, 5 and 10% levels, respectively.
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ciency score. Because the highest TE is achieved at a score of 1.0, the model results indi-
cate that there is still room for efficiency improvements with the farmers’ existing
technologies. Hence, the findings suggest that farms could increase their production with-







































Figure 1 Predicted technical efficiency distribution.
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The inefficiency effects model (Eq.7) included 12 variables (Table 3). While the model
uses technical inefficiency as a dependent variable, for convenience, the study used TE
in explaining the outcomes. As a result, the sign of the explanatory variables are chan-
ged in the discussion. The farm size variable (fsize, measured in total ha of the farm)
has a positive and significant relationship with TE. This illustrates that the scale of op-
erations matters in resource utilization. In general, large farmlands have been leased to
financially stable and experienced farmers who had worked in state farms and coopera-
tives (shirkats-in Uzbek). These farms established good contacts with the local adminis-
tration and the input distribution points (Noble et al. 2005) and gained the capacity to
invest in agricultural technologies.
The results also illustrate that the water availability dummy (Wavail) has a positive
and significant result with TE. This suggests that easier access to recommended irriga-
tion water during the cotton season enables farmers to be more efficient. This helps
agronomic activities to be performed on time and to obtain higher yields at the end of
the season. However, this finding should be carefully interpreted, because tail end users
may still not obtain the available water because of their naturally inconvenient location
(Bekchanov et al. 2010). The study also included two other variables related to irrigation.
One of the variables is the WUA dummy (Wua), used as an indicator to measure the level
of farmers’ satisfaction with WUA services. This variable is significant and positively cor-
related with TE. Another water related variable is the poor drainage dummy (Drain), used
to obtain information regarding the condition of the drainage system adjacent to the field
and its possible impact on TE. The analysis shows that those who have a poor drainage
system illustrated lower TE levels in using inputs. A study by Tian and Wan (2000) had
similar results. As Forkutsa (2006) mentioned, poor drainage is the result of failures in
water management. When there is reduced access to irrigation water during the vegeta-
tion period, farmers attempt to block adjacent drains, which helps to preserve a high soil
moisture (Tischbein et al. 2012). This, however, leads to a malfunctioning in the drainage
systems, an overuse of labour, and a delay in agronomic practices.
The findings show that the increased number of weeding activities (Weedfreq) positively
affects the TE of farms. Djalalov and Gemma (2006) stressed that land salinization and
weeding are major problems which could be, partly, the result of poor agronomic prac-
tices (e.g. inadequate crop rotations) and low incentives for conserving water. Applying
chemicals is not always possible, because of the high costs involved and because the appli-
cation of chemicals decreases the quality of the cotton. Manual weeding is usually done
by farm family members, whereas in larger cotton areas, hired labour is used.
The off-farm work dummy (Offwork) has a negative sign on TE. Those who have en-
gaged in off-farm activities achieved lower efficiencies in cotton production. It is not a
surprising result, because farmers have to share their time between farming and other off-
farm activities. Djalalov (2006) indicated that farming is not a single source of income for
many rural farmers. Hence, although farmers can invest their additional income in cotton
production, time spent on off-farm work might have an efficiency reducing effect.
The manure application dummy (Manur) is also significant. The results suggest that
farmers who applied the recommended norms of organic manure achieved higher effi-
ciencies. Obtaining organic manure is very difficult during the agricultural season, as
there is shortage of supply in the livestock market (informal) and the price of manure
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creasing the amount of animal waste produced on the farm (Blanchard et al. 2013).
The access to credit dummy (Acredit) is another very important indicator, which
illustrates a positive impact on TE. A lack of cash during the cotton season originates
from either the unavailability of agricultural credit (Djanibekov et al. 2012; Rudenko
et al. 2012) or the difficulty in securing it (Djalalov 2006). The study finds that farmers
who reported that they have easier access to credit displayed higher TE results. Access
to additional finances enables farmers to hire additional labour and purchase fertilizer
from private sources. Bozoglu and Ceyhan (2007) found a similar result from an ana-
lysis of Turkish farmers.
Quantile analysis: importance of knowledge indicators
The results from the quantile regression are presented in Table 4. This study finds that
those farmers who have a university education (Educ1) are efficient in resource
utilization at the 5% significance level in the 25th and 50th TE percentiles. However, this
relationship is only significant at the 10% significance level in the 75th TE percentile.
This suggests that obtaining a higher education positively affects TE, but there is weak
evidence for its contribution to higher TE levels. This stresses the importance of special-
ized knowledge required for better farming. To support this argument, the study also
associated farm efficiency with agriculture related education (Edb). The results show that
the educational background of the farmer matters for efficiency improvements. The rela-
tionship between those who have received an agricultural education and efficiency are
highly significant, but that the relationship has a concave form. This pattern advocates
diminishing returns to agricultural education at the higher tail of TE distribution. A clear
explanation is that farmers with an educational background in agriculture are able to use
agronomic practices on time and in an effective and efficient manner. They know the
specifics of farming and can adjust to different situations, depending on the available
resources. Only a few studies used this variable in their analysis. One study was con-
ducted by Manevska–Tasevska (2013), who does not find any significant relationship.
Interestingly, the study does not observe any significant connection between efficiency
and those who have only received a compulsory basic education (Educ3). This illustrates
that the influence of farmers’ formal education on farm efficiency is dependent on the level
of education received. This finding is contrary to the one obtained by Asadullah andTable 4 Results from Quantile regression
0.25 0.5 0.75
Coef. Standard error Coef. Standard error Coef. Standard error
Seminar 0.011 0.005 * 0.026 0.005 *** 0.018 0.006 ***
Agexp 0.002 0.001 ** 0.001 0.001 NS 0.001 0.001 NS
Educ1 0.061 0.028 ** 0.058 0.023 ** 0.059 0.032 *
Educ3 0.024 0.029 NS 0.014 0.024 NS 0.038 0.032 NS
Edb 0.063 0.017 *** 0.070 0.015 *** 0.061 0.021 ***
Ed2*Fsize 0.002 0.001 ** 0.001 0.001 * 0.002 0.001 *
Offwork*educ1 −0.087 0.025 *** −0.078 0.022 *** −0.082 0.031 ***
Offwork*educ2 −0.046 0.022 ** −0.041 0.018 ** −0.049 0.026 *
_cons 0.644 0.035 *** 0.660 0.031 *** 0.757 0.042 ***
Note:***, **, *indicates significance at the 1, 5 and 10% levels, respectively.
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farming than higher education. Pritchett (2001) concludes that, in some nations, schooling
is effective in transferring knowledge, whereas it is insignificant in others and shapes no
skills. Reimers and Klasen (2013) stressed that the education effect is smaller for the poorest
nations, whereas Manevska-Tasevska (2013) could not find any significant results in the case
of grape growing farms in Macedonia. Kalaitzandonakes and Dunn (1995) argued that
differing results could be attributable to difficulties in measuring the education variable.
The study used the interaction term between university (Educ1) and college educa-
tion (Educ2) with off farm-work (Offwork) and found statistically significant results, re-
gardless of the different quantile groups. The effect is strongest in the case of those
who have a university education. This indicates that highly educated farmers do not
have the capacity to handle on and off-farm activities, which badly reflects on resource
utilization. This also implies that better time allocation and a physical coordination of
daily activities are important. The results of this study revealed the importance of the
knowledge gained from non–formal education (Seminar), as this was found to have a
statistically significant positive influence on efficiency in all of the quantiles and have a
concave shape. Manevska-Tasevska (2013) also found a positive relationship between
non-formal education and TE. This shows the need for agricultural training programs
that help farmers to upgrade their knowledge and obtain up-to-date information about
new technologies applied in agricultural production. In this regard, Kazbekov and
Qureshi (2011) urged for the need to establish formal extension services to assist
farmers in achieving higher productivity. Karimov (2013a) stressed that these organiza-
tions will support farmers to adopt technical innovations with a possible impact on
agricultural land and labour productivity.
The agricultural experience (Agexp) of the farmer is only significant at the 25th TE
percentile and statistically not significant in the other two quantiles. This suggests that
farming experience does not contribute to achieving higher efficiency values. While cot-
ton is grown for many years and farmers gained extensive experience in its production,
the study illustrates that acquired knowledge is not enough to increase cotton yields to
the expected levels. Manevska-Tasevska (2013) found a negative relationship here and ex-
plained it by the fact that more experienced farmers were more resistant to new technolo-
gies and practices. The interaction term between college education (Educ2) and farm size
(Fsize) has been introduced to explore the farmer’s managerial ability to handle work at
large scale farms. It is significant at the 5% level in the 25th TE quantile and significant at
the 10% level in the 50th and 75th TE quantiles; it also displayed a U shape across the
quantiles. This shows that obtaining a formal education is not sufficient enough to achieve
higher efficiency, especially in the large-scale farmlands, and hence, achieving higher effi-
ciency requires additional training and managerial skills from farmers.Conclusions
Cotton production in Uzbekistan has a long agricultural history and farmers are experi-
enced in producing it. Because of land reforms which occurred after achieving inde-
pendence in 1991 and under threats of increasing water scarcity and a reduction in the
fertility of farmlands, the efficient resource use has become an important issue in public
discussions and a worthy research topic.
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the efficiency of cotton farms in the Khorezm province of Uzbekistan. Because few
studies currently exist in the context of CA (Karimov 2013b), this study filled a gap
in the literature by providing a theoretically consistent model and applying it to an in-
teresting case with a complex socio–economic environment. It underlined the signifi-
cance of the monotonicity and quasiconcavity violations, which can cause biased
efficiency results. As the model results illustrate, the average farmer in the Khorezm sam-
ple could increase output levels if production factors are efficiently used, so as to obtain
higher margins from the sale of cotton to the state.
The study further reveals some factors that significantly influence farmers’ re-
source use abilities. One of the significant factors associated with efficiency is the
off-farm work variable. Because cotton production requires full concentration all
year, farmers who engage in off-farm work achieved a lower efficiency. This is es-
pecially true for those who have university and college educations. The study also
finds that easier access to agricultural credit has a positive impact on resource
utilization. Notably, providing privileged credit in the context of the state quota
system helps farmers to purchase the required inputs and use them on time, thus
avoiding possible crop losses. The findings also show that big farms are more effi-
cient in resource use. Thus, a state’s decision to consolidate farms further is plaus-
ible. The model’s results further point to some other variables that improve TE,
including access to adequate irrigation, frequency of weeding, application of or-
ganic manure, better WUA services, and renovated drainage systems. The study
also confirmed that farmers’ knowledge attributes have the potential to impact the
farmers’ resource use pattern. It is also interesting to note that formal education
(university degree and educational background in agriculture) and informal educa-
tion (participation in seminars) are associated with efficiency-improving results.
Interestingly, the results indicate that a basic education is not sufficient to achieve
higher efficiency in cotton production. In this regard, a state policy to establish
colleges in rural and remote areas is well placed under the current situation and
brings about significant returns in the near future.
At the same time, the farmer’s managerial ability is not enough to increase the TE on
large farms, which requires obtaining organizational skills and knowledge. Agricultural
experience is significant only in the lower tail of the TE percentile, which sug-
gests that cotton farmers need agricultural training, despite being experienced
in farming. Kienzler et al. (2011) also stressed the important role of agricultural
training in crop production. In this sense, the role of a non-formal education is
substantial, as it was positively related to TE. Vakhabov et al. (2006) empha-
sized the prominence of scientific research institutes, both at the national and
local levels, to better transfer new technologies and share innovative methods.
Djanibekov et al. (2010) emphasized that agricultural advisory services have sev-
eral challenges in transferring knowledge to farmers, possibly because of lack of
sustainable funds to support their functioning. This requires finding and support-
ing innovative ways of financing extension and advisory services.Competing interests
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